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Abstract 
In order to improve the calculation accuracy of the hydraulic torque converter internal flow field and the 
characteristic parameters, YB355-2 torque converter was chosen as an example, the cross-section containing two 
leaves was selected as the computational domain and the mapping method was used to divide the torque converter 
channel into hexahedral mesh. To improve the quality of the mesh division, the measures such as manual adjustment 
and appropriate mesh refinement were also adopted. The torque converter internal flow field is calculated and 
analyzed to improve the convergence speed and calculation accuracy. It is of vital significance for the development of 
new hydraulic torque converter. 
 
© 2011 Published by Elsevier Ltd.  
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1. Introduction  
Hydraulic torque converter is the multiple-impeller turbine machine with closed channel. the flow field 
is disturbed with each other which leads to complex internal flow and brings greater difficulty for the 
accurate calculation of the torque converter. For the existence of adverse flow characteristics such as the 
secondary flow, the viscous flow and the vortex, the hydraulic loss has a greater impact on the design of 
the torque converter which may result in bad work performance. It is necessary to study accurate 
numerical simulation calculation method for the internal flow. With the development of the 
computational fluid dynamics and computer technology, the torque converter internal flow field can 
employ more accurate calculation method [1, 2]. Based on the YB355-2 type hydraulic torque converter 
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internal flow field, from the aspects of mesh division, this paper discusses how to improve numerical 
simulation precision and fluent fluid analysis software is used to simulate the torque converter internal 
flow field, the calculation accuracy is improved. 
2. Hydraulic torque converter internal flow field in the field of the 3d model 
According to the data of hydraulic torque converter structure [3], the solid workers software is used to 
create a 3d solid model for the YB355-2 converter internal flow field calculation domain (Fig. 1). The 
computational domain containing two leaves not only retains the integrity of the two sides of the blade of 
the flow domain, but also retains the integrity of the two blades between the flow fields, having higher 
computational precision and more easy to be analyzed for the flow characteristics. 
 
Fig.1. Calculation of internal flow field of YB355-2 torque converter 
3. Mesh Generation of internal flow field calculation domain 
3.1. Mesh Generation of calculation domain   
The internal flow of torque converter is very complicated, numerical simulation result is related to the 
mesh quality. Mesh quality have a great influence on the accuracy of numerical simulation results. The 
typical mesh generation methods are briefed as follows: node connection method, the Delaunay 
triangulation method, grid template method, mapping method, topology decomposition, the 
decomposition method, the displacement method, rotation and translation method, hybrid method [4]. 
Hexahedral mesh embraces higher calculation precision and fast convergence speed and in this paper, 
the mapping method and hexahedral mesh are used to divide the computational domain. Based on the 
physical boundary parameter equation and using the appropriate mapping function, the area to be divided 
is mapped to the parameter space to form the regular parameter domain which is divided and the mesh of 
computational domain is then reversed mapping back to the Euclidean space and thus the actual grid is 
generated. Mapping method generates the structured grid and each node space has fixed topological 
relations in the space. But for complex geometry body the mapping method show much adaptability and 
complex geometry body can be decomposed into several simple sub regions when using the mapping 
method which need analysis and planning for the computational domain. ANSYS / ICEM CFD software 
is adopted for mesh division of internal flow field of hydraulic torque converter. Process of mesh division 
of computational domain is described as follows: 
   
 (a)                         (b)                          (c) 
Fig .2. The process maps of mesh generation of internal flow field of pump wheel 
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(1) The block splitting of the topological structure. Hexahedral mesh is generated by block. The 
method of top-down is used for topology create to achieve advanced topological structure. The block 
along a geometry body should be cut into the body shape so as to improve the quality of mesh division. 
The computational domain of pump wheel is to be spited into nine pieces of sub areas (Fig. 2 (a) ) . 
(2) Relationship between block and geometry body is established. The point of block is constrained 
into corresponding point of geometry body and the block boundary is constrained into corresponding 
curved edges of geometry body. The vertex of block is moved to make the block as similar as possible 
and the mesh division is available (Fig. 2 (b) ) . 
(3) Mesh generation. Mesh size should be adjusted appropriately according to the computational 
domain size and shape size. Mesh quality check histogram is used to check mesh division. Mesh near the 
leaves should be appropriately refined and through repeated modifications high quality hexahedral 
meshes is to be obtained (Fig. 2 (c) ) . 
In this case, grid numbers of pump wheel is 105246, grid numbers of turbine wheel is 159426, and grid 
numbers of guide wheel is 80160. 
3.2. Mesh quality improvement 
For the complex channel of torque converter, mapping method shows the poor adaptability on the 
model and need manual adjustment for the mesh division to get high quality mesh. For the focused area 
and large curvature part, mesh refinement should be considered. For example, near the inlet and outlet of 
the blades, the flow field being very complex, it is generally considered to adopt mesh refinement and so 
do the blade face and non working surface. Such as graph (Fig. 3). If it does not reach the requirement for 
the mesh quality through the mesh quality histogram examination, mesh node can be moved manually 
and the grid distortion is reduced to improve the quality of the grid. taper ratio, slenderness ratio, internal 
angle, tension and node position deviation index have been comprehensively considered and the quality 
index of mesh unit have reached more than 0.5 which improve the convergence speed and calculation 
accuracy. 
 
Fig .3. The process maps of mesh refinement at inlet of pump wheel internal flow field 
4. Internal flow field calculation of Hydraulic Torque Converter 
The 22# turbine oil is adopted in the YB355-2 hydraulic torque converter and can be treated as 
incompressible fluid of which the density can be set by 870 (kg/m3) and the viscosity can be set by 0.005 
(Pa·s) . 
Fluent software is used for the numerical simulation and standard k-ε model is chosen for the turbulent 
model. SIMPLE algorithm is also set for the pressure coupling with speed. The simulation for the internal 
flow field adopts the mixing plane method. The computational domain for the three wheels is lumped to 
be simulated for improving the internal flow field simulation. The relaxation coefficient is reduced when 
occurrence of non-convergent phenomenon. 
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5. Flow field analysis 
The simulation result is conformed to the measured results [5]. 
5.1. The analysis of pump wheel flow field 
Fig. 4 (a) (b) (c) respectively represents the radial velocity distribution graph of flow channel entrance, 
intermediate flow section, outlet flow section.  
      
   (a)                                  (b)                                               (c)     
“───”Velocity distribution obtained by numerical simulation     “- - - -” Experimentally measured 
Fig .4. Radial velocity profile of calculation and measurement at channel of the pump wheel with i＝0.7 
(1) At the cross section with Ri／R＝0.683 where near the flow channel entrance of pump wheel, the 
radial velocity distribution is not uniform of which the velocity at the outer ring tend to be larger than 
inner ring and the velocity at the blade back tend to be larger than working face. So do the tangential 
velocity. 
(2) At the cross section with Ri／R＝0.857 in the flow channel, the flow fluid can be controlled by 
flow channel and the velocity distribution is uniform from blade working face to blade back. The low 
velocity area seems to appear in the inner ring of blade back and wake flows can be formed. 
(3) At the cross section with Ri／R＝0.932 near the flow channel outlet, there exists a low energy 
wake area in the blade back.  
There exists low velocity area, near the outlet, it becomes larger and thicker which form the stronger 
wake flow (Fig. 5). The shock in the inlet of blade is especially serious in the inner ring with larger 
curvature and the flow pattern in the inner ring of blade back show a poor condition. 
 
 
Fig .5. The pump wheel flow low velocity wake area diagram 
5.2. The analysis of turbine wheel flow field  
(1) At the inlet of turbine with Ri／R=0.932 (fig. 6 (a) ) , the velocity of inner ring is larger than that of 
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the outer ring and the velocity of the blade back is larger than that of the working surface and there is no 
unfavourable flow characteristics on the cross section. 
(2) At the cross section of the middle channel of the turbine wheel with Ri／R＝0.857 (fig. 6 (b) ) , 
potential flow is characterized by which the velocity has a linear reduction from blade back to working 
surface. 
(3) At the cross section of the outlet of the flow channel of the turbine wheel with Ri／R＝0.683(fig. 6 
(c) ) , the velocity increases at the blade working surface and the velocity at the blade back reduces 
obviously. 
Fig. 6 (a) (b) (c) respectively represent the radial velocity distribution graph of flow channel entrance, 
intermediate flow section, outlet flow section of the turbine wheel. 
      
                                    (a)                                             (b)                                       (c) 
“───”Velocity distribution obtained by numerical simulation    “- - - -” Experimentally measured 
Fig. 6. Velocity profile of calculation and measurement at the channel of the turbine wheel with i＝0.7 
6. The characteristics calculation of hydraulic torque converter 
The flow field of the various condition of the YB355-2 torque converter is numerical simulated in the 
whole operation range. The moment variation coefficient and the efficiency can be calculated by the 
simulated result and the characteristic curve is also drawled compared with the actual characteristic curve 
(fig. 7) . The compared results show a high calculation precision which the relative error is less than 2%. 
 
Experimental points       Calculated points 
Fig. 7.YB355-2 hydraulic torque converter original characteristic curve 
7. Conclusion  
For the higher calculation precision for the internal flow field, the cross-section containing two leaves 
is selected as the computational domain and the mapping method is used to divide the torque converter 
channel into hexahedral mesh. To improve the quality of the mesh division, the measures such as manual 
adjustment and appropriate encryption are also adopted. The internal flow field of the hydraulic torque 
converter is calculated by mixing plane method. The above measures improve the convergence speed and 
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calculation accuracy. The calculated characteristic parameter is closed to the actual characteristic 
parameter with the relative error being less than 2%. It is of vital significance for the recognition to the 
internal flow characteristics of hydraulic torque converter and the development of new hydraulic torque 
converter. 
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